Discontinuous Galerkin (DG) methods are a class of finite element methods that use discontinuous basis functions. This particular feature enables the use of non-conforming meshes and facilitates the use of meshes with a non-uniform degree of approximation. In addition, the local conservative character of DG and its high-order accuracy have made DG methods popular within the computational fluid dynamics (CFD) community (Cockburn 2018) .
In 1973, Reed and Hill proposed the first DG method to solve the neutron transport equation (Reed and Hill 1973) . This work showed, for the first time, the benefits of using a discontinuous approximation for solving hyperbolic partial differential equations. A series of papers by Cockburn and Shu, in the late 1980s and 1990s, is recognised to be a major step towards the application of DG methods to transient non-linear hyperbolic problems (Cockburn and Shu 1989; . The benefits demonstrated when solving the Euler equations of gas dynamics led to an increasing interest in the development of DG methods to solve the Navier-Stokes equations. During the 1990s and 2000s several DG methods were proposed to solve second-order elliptic problems, being the most popular the Bassi-Rebay scheme (Bassi and Rebay 1997) , the local DG method and the compact DG method (Peraire and Persson 2008) . These DG methods are very efficient and widely used in the context of explicit time integration (Hesthaven and Warburton 2007) . However, they are often seen as too expensive for implicit time integration or steady problems, due to the duplication of degrees of freedom on the element faces that results from the discontinuous nature of the basis functions, and the fact that static condensation to reduce the number of unknowns is not possible. In 2009, Cockburn and co-workers introduced the hybridisable DG method (HDG) (Cockburn, Gopalakrishnan, and Lazarov 2009 ). This method substantially reduces the number of globally coupled degrees of freedom and it has revitalised the interest in DG methods within the CFD community.
An important milestone achieved by DG methods in the last decade has been its incorporation to commercial software for the solution of electromagnetics and acoustic problems. The adopted scheme corresponds to the classical DG method derived from the work of Cockburn and Shu in the 1990s. In contrast, it is apparent that further developments are required to make DG methods competitive in an industrial CFD environment. The challenges involve developments of the spatial discretisation scheme to guarantee its robustness and efficiency for simulating high-Reynolds number flows. These challenges include the development of automatic adaptivity strategies, powerful parallelisation techniques and efficient preconditioners, to name a few. In addition, the industrial uptake of DG methods requires further development in other areas including the automatic generation of curvilinear high-order boundary layer meshes around complex geometries and the development of efficient visualisation tools for high-order solutions.
The papers in this Special Issue have been selected from the mini-symposium 'Discontinuous Galerkin methods -New trends and applications' that was organised within the 6th European Conference on Computational Mechanics and the 7th European Conference on Computational Fluid Dynamics, representing the current state-of-the-art in DG methods in relation to the challenges mentioned earlier. This conference took place in Glasgow, 11-15 June 2018, celebrating the 25th Anniversary of the European Community on Computational Methods in Applied Sciences (ECCOMAS).
The first paper of this Special Issue presents a high-order HDG scheme for the simulation of the immiscible and incompressible two-phase flow problem in a heterogeneous porous media. The second paper proposes an HDG formulation for the gas kinetic equation. The advantages of hybridisable and embedded DG methods, compared to the traditional DG scheme, are studied in the third paper in a meshoptimisation setting for solving compressible flows. The fourth paper addresses the efficient parallelisation of a DG scheme for the solution of the Boltzmann equation, overcoming the scalability issues present in other approaches. Another important aspect to guarantee the efficiency of an implicit DG scheme is studied in the fifth paper, where a new multigrid preconditioning strategy for use in Jacobian-free Newton-Krylov approaches is proposed. The sixth paper introduces hp multilevel preconditioners for DG schemes applied to elliptic operators and compares its performance against previously proposed h and p multilevel strategies. Finally, the seventh paper presents a new plugin for the visualisation of high-order polynomial solutions, with several examples relevant to the CFD community.
The seven invited papers were reviewed by international experts in the field and refereed in a doubleblind manner. Each manuscript was independently evaluated by two experts. The effort of the reviewers is gratefully acknowledged as well as the effort made by the authors. Finally, the invitation to produce this Special Issue by Professor Habashi, Editor-in-Chief of the International Journal of Computational Fluid Dynamics, is greatly acknowledged.
The seven selected papers have all been published in Volume 33 and have been curated in a special online issue within the same volume.
